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RESUME 
L'écoulement de surface rentre dans les réseaux d'assainissement à travers les 
avaloirs. Un drainage effectif est essentiel pour garantir une circulation en sécurité 
des véhicules et des piétons. Les réseaux de drainage pluvial sont normalement 
dimensionnés a partir de l'hypothèse que la totalité du ruisselement rentre dans le 
réseau, ce qui ne se produit pas d'une façon automatique. Un dimensionnement 
précis des éléments de captation doit prendre en considération la fréquence de la 
pluie, le débit de ruisselement, la capacité de l'avaloir, et des critères de sécurité. 
Avec ces objectifs, un logiciel spécifique, MOBESCA, a été créé par CLABSA sur la 
base d'une méthodologie dévéloppée avec l'UPC. 
ABSTRACT 
Drain inlets are used to collect runoff and discharge it to an underground sewer 
system. Effective drainage of roadway pavements is essential to guarantee a safe 
vehicular and pedestrian circulation. Storm water systems are typically designed on 
the assumption of full-flowing pipes, considering that runoff water gets into the sewers 
entirely, forgetting that this doesn’t happen automatically. An accurate design of 
surface drainage systems requires consideration on storm frequency, gutter flow, inlet 
capacity and safety criteria related to surface runoff. With this aim, a specific 
software, MOBESCA, was produced by Clabsa on the basis of a methodology carried 
out jointly to Technical University of Catalonia.   
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1 INTRODUCTION 
Actually more than the 50% of people in the world live in urban areas. Almost all of 
the sewer systems were built in the XIX century, but since the beginning of the XX 
century the intensive migratory flow towards cities and urban communities put in 
evidence the heavy deficits of the urban drainage infrastructures in case of storms. 
Due to the serious floods occurred in the following years, Urban Hydrology, a specific 
discipline oriented to the study of these subjects was born. The modern criteria based 
on hydraulic and environmental aspects, have addressed this discipline to a 
regulation of the stormwater in terms of quality and quantity (Artina et al., 1997; 
CCRCD, 1999; Gómez, 2006). The resolution of the new problems related to actual 
needs requires different approaches in comparison with the past, because the 
hydrological response of an urban catchment to a storm event is very different 
respect to a rural basin. As a watershed area becomes more populated, natural 
surfaces that absorb water and recharge groundwater supplies, are covered with 
hard, impervious surfaces. An increase of impervious areas determines a growth in 
terms of surface runoff. In summary, urbanization effects are shown in the figure 1.  
 
 
Figure 1. - Hydrological effects due to catchement urbanization  
 
After heavy torrential rains, floods often present faster and with no warning. Such 
floods can occur in a matter of minutes and create the greatest threat of loss of 
human lives as well as significant damage to property. This type of flood can appear 
very locally and may be rather independent of the flows and levels in natural streams 
and rivers. 
The most important objectives of a hydrological urban study are to obtain the 
discharge hydrographs related to a specific rain and, according to them, to design an 
adequate drainage system able to convey efficiently the runoff. But, to do this, a well 
designed surface drainage system is a basic requirement for the correct behaviour of 
a drainage system, because surface runoff is not often conveyed entirely by storm 
sewers for the lack of an efficient inlet system (Guo, 1997; Spaliviero and May, 1998). 
In case of heavy storm, runoff that is not conveyed into the sewer system by drain 
inlets can increase up to generate dangerous values of hydraulic parameters (flow 
depth and velocity) for the vehicular and pedestrian circulation and nuisances for the 
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urban activities. Water on the pavements can interrupt traffic, reduce skid resistance 
and increase potential of hydroplaning. 
Moreover, at the state of the art, the most important storm water management models 
are very adequate for analysis of quantity and quality problems associated with urban 
hydrology but their simulations can’t be reliable if storm water is not fully collected 
through inlets where required.  
For all these reasons, it is clear the importance of an accurate design of surface 
drainage systems that will require consideration on storm frequency, gutter flow, inlet 
capacity and safety criteria related to surface runoff. 
In order to automate all phases of an inlet system design, Clabsa produced a specific 
software on the basis of a methodology carried out in the last years jointly to the 
Hydraulic Department of the Technical University of Catalonia (UPC) (Russo et al., 
2005, Martínez and Gómez, 2000). 
 
2 METHODS 
2.1 Design of an inlet system 
As said a methodology to design an adequate surface drainage system requires 
consideration on storm frequency, gutter flow, inlet capacity and safety criteria related 
to surface runoff (Russo et al., 2006). 
Specifically inlet system design is based on the following steps: 
• Hydraulic efficiency study of the inlets involved 
• Selection of risk criteria related to urban runoff in case of heavy rain 
• Hydrological study of the catchment considering the hydraulic behaviour of 
the streets and the safety criteria chosen 
2.1.1 Hydraulic efficiency study for the drain inlets involved 
The efficiency of a drainage grate is defined as the ratio of the discharge intercepted 
(Qint) by the inlet to the total discharge approaching the inlet (Q): 
Q
Q
E int=                                                                                                                      (1) 
In the 1997 the mixed company for the management of the sewer systems of 
Barcelona, Clavegueram de Barcelona S.A. (Clabsa), and the Hydraulic Department 
of the Technical University of Catalonia (UPC) promoted a new research line in the 
field of the road grates efficiency. The most common grates were tested in a 
laboratory by a platform that can simulate the hydraulic behaviour of a lane 3 m wide. 
On the basis of these tests and the studies of the HR Wallingford (Spaliviero and 
May, 1998) a potential law expression was achieved and a reliable methodology 











=                                                                                                              (2) 
where: 
Q is the total flow approaching the inlet (l/s) 
y is the hydraulic depth upstream to the grate (mm) 
A and B are two characteristic parameters related to the grate geometry 
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Equation 2, corresponding to one lane of 3 meters wide, was generalized for each 
type of geometric configuration of the roadway (Russo et al., 2006). 
2.1.2 Selection of safety criteria related to urban runoff in case of heavy rain 
Effective drainage of roadway pavements is essential to the maintenance of highway 
service level and to traffic safety. Public Administrations must guarantee a 
satisfactory performance and a good hydraulic behaviour for the streets in case of 
storm (especially considering the most important avenues as emergency ways in 
case of flooding). 
Generally the flood conditions in which the risks of death are likely to be greatest are 
those where one or more of the following conditions exists: 
• Where flow velocity are high 
• Where flood onset is sudden as in flash floods 
• Where flood water are deep 
• Where the flood duration is long 
• Where there is debris in the floodwater that can cause death or injury 
In order to guarantee a safe pedestrian and vehicular circulation, in the field of urban 
hydrology two specific cases are considered as possible causes of risk of life: 
• Being swept away 
• Trapped in vehicle 
In the first case, pedestrians, many of whom may be unaware of the power of 
floodwaters, can be swept away. Experimental studies suggest that the safe limit (for 
adults) is a product of depth (metres) times velocity (metres/sec) in the range of 0.5 to 
1.0. In the second case, many deaths in floods occur because people attempt to drive 
through or away from floodwaters and get swept away or trapped in their cars; their 
cars either then get swept away as a result of positive buoyancy or stuck in the 
floodwater. 
For this reason, security in the field of urban hydrology can be obtained limiting two 
hydraulic parameters: 
• Water depth (y) 
• Velocity (v) 
Actually Municipality of Barcelona considers the following street service levels in case 
of storm with a return period of 10 years: 
• Maximum flow depth ymax = 6 cm 
• Maximum flow velocity vmax = 1.5 m/s 
Selection of safety criteria and consequent flow restriction are the basic parameters 
for designing inlet systems (Wong and Moh Wung-Hee, 1997) 
2.1.3 Hydrological study of the catchment considering the hydraulic 
behaviour of the streets and the safety criteria chosen 
The third step consists on the hydrological study of the urban basin. In this type of 
study inlets can be considered as hydrological limits of a series of sub-catchments 
that, jointly, represent the whole basin. 
The hydraulic behaviour of the urban streets can be studied by 1D simulations using 
the most common hydrological software (HEC, SWMM, MOUSE, etc.). In this case, 
models should be used to study the surface hydraulic behaviour of the streets 
characterizing carefully the surface drainage elements on the basis of their hydraulic 
efficiency (Gómez et al., 2006; Russo et al., 2005). 
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In this paper a simple approach to inlets system design is proposed. A quick and 
adequate procedure to design inlet systems according to safety criteria consists on an 
essential condition for engineers and technical personnel of Public Administrations 
that frequently must make several decisions in the fast growth of the urban areas. 
The procedure proposed in this paper is based on the rational method and can be 
easily used for streets of new urbanizations and for the hydraulic rehabilitation of 
existent roadways. 
A necessary condition to use this methodology is the lack of discharges upstream 
from the system. For this reason catchments upstream from the designed one should 
not present hydrological problems due to a lack of surface drainage elements. For 
this reason the methodology proposed is not recommended for hydrological 
diagnostic studies of critical points that suffered flooding historically. In this cases 1D, 
or 2D simulations are more accurate and able to represent the complexity of the 
physic and hydraulic phenomena involved in the study (Gómez et al., 2006). 
Generally rational method is successfully used in a lot of urban drainage procedures 
of calculation. Its frequent use is due to the reduced size of the basins in urban areas. 
Normally the spacing between two adjacent drainage grates is of the order of few 
meters; consequently use of rational formula is suitable for calculations related to the 
stormwater discharge produced in a sub-catchment limited by two inlets and for an 
urban roadway made up of a series of sub-catchments. 
In the figure 2, flow evolution according to a correct design of inlet system is 
presented. Q is the maximum total flow approaching the inlet related to performance 
service levels fulfilment, Qcapt is the captured flow by the inlet and discharged to the 
sewer system while Qby-pass is the term given to any discharge not intercepted. 
 
 
Figure 2. – Flow evolution related to an inlet system.  
 
Q can be calculated by Izzard equation for each specific street geometric condition 
(varying longitudinal and transversal slopes) using the most limiting performance 












f=                                                                                                      (3) 
where: 
Q is the flow in gutter section (m3/s) 
Cf is a constant (= 0.376)  
n is the Manning’s roughness coefficient 
Sx is the pavement cross slope (m/m) 
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T is the water spread (m) 
S0 is the gutter longitudinal slope (m/m) 
Equation (3) is a modified form of the Manning equation. Izzard modified Manning’s 
equation because the hydraulic radius does not adequately describe the gutter cross 
section particularly where the top width of the water surface may be more than 40 
times the curb depth (Izzard, 1946). 
Qcapt can be determined by inlet efficiency calculation generalizing equation (2) 
according to geometric conditions of the street. In Russo et al. (2006) equation (2) 
was generalized for each type of street geometry presenting a uniform gutter by the 
hypothesis on uniform velocity distribution in the hydraulic cross section of the flow. 
This knowledge, based on UPC recent studies, was used to produce MOBESCA 
software. According to figure 2, captured flow Qcapt is the maximum allowed flow 
generated in a sub-catchment by a storm. 
The design phase of surface drainage systems consists on determining inlets spacing 
L for intermediate gullies and the location of the initial inlet (L’) downstream of the 
sub-catchment top. L and L’ values depend on the grate type, on the geometric 
conditions of the streets (transversal and longitudinal slopes, width of sidewalks and 
roadways, etc.), on the safety criteria adopted and finally on the rainfall intensity used 
for the hydrological calculations. 
 
3 RESULTS AND DISCUSSION 
3.1 Why MOBESCA? 
As said in the last section, inlet system design depends on the grate type, on the 
physical and geometric conditions of the roadway, on the street service levels and on 
the rainfall pattern. 
Software MOBESCA was created in order to carry out the design procedure of an 
inlet system considering all the parameters involved. 
MOBESCA was one of the results in the medium term of a project financed by 
Fundació Agbar and carried out by Clabsa and UPC. The aim project is to improve 
the actual knowledge on the dual study of the surface and underground urban 
drainage. In order to reach this objective a simultaneous study of the hydraulic 
behaviour of the streets and the sewer system is essential. In this frame the effective 
ratios of flows discharged into the sewer system by inlets or other surface drainage 
elements are basic information to carry out reliable simulations.  
Actually MOBESCA is used in Barcelona to design inlet systems of new urbanizations 
in areas not presenting hydrological problems, while for critical points with possibility 
of flooding, Research and Development Department of CLABSA carry out detailed 
studies using 1D model for the simulations (Russo et al., 2005). In the second phase 
of the project, MOBESCA II should be a software able to simulate the surface 
hydraulic behaviour of tree-type watershed, considering the kinematic wave approach 
for rainfall-runoff transformation and routing process. 
3.2 The features of the software 
The software is structured by 4 data-sections that user should introduce by 4 different 
windows of the software interface before simulation running. Specifically data 
required by MOBESCA are 4 “package configurations”: 
• Geometric parameters of the grate used (width, length, total area, void area, 
number of longitudinal, transversal and diagonal bars, etc) and clogging 
factor to consider possible obstruction effects of the inlets in service. 
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• Physical and geometric parameters of the street (Manning roughness, 
sidewalk and roadway width, longitudinal and transversal slopes, etc.) 
• Hydrological data (runoff coefficient and rainfall intensity) 
• Street service levels adopted by the Public Administration (ymax and vmax) 
In order to facilitate MOBESCA user, a data base with geometric characteristics of the 
most common drain inlets used in Barcelona was created.  
Every “configuration package” will be identified by an Id code number that will be 
used for the user to run the simulation. MOBESCA has a multi languages interface 
(Figure 3) and provides a technical report as result of the simulation with the 
necessary information to design the inlet system according to the safety criteria 
chosen (Figure 4). A user manual was elaborated too. 
 
 
Figure 3. – MOBESCA interface.  
 
 
Figure 4. – MOBESCA Technical report.  
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4 CONCLUSIONS 
Effective drainage of urban streets is essential to guarantee a safe vehicular and 
pedestrian circulation; in fact water on the pavements can interrupt traffic, reduce skid 
resistance and increase potential of hydroplaning. 
Generally surface runoff is not conveyed entirely by storm sewers for the lack of an 
efficient system of drainage inlets and can increase up to generate dangerous values 
of hydraulic parameters (flow depth and velocity). 
Moreover sewer city planners could design new structures that may not work the way 
they were planned only because water is not getting inside the sewer systems. 
Software MOBESCA has been developed by the Research and Development 
Department of CLABSA to design inlet systems for streets of new urbanizations and 
for the hydraulic rehabilitation of existent roadways. 
MOBESCA is based on experimental experiences and real cases studies carried out 
jointly to FLUMEN Research Group in the Hydraulic Department of the Technical 
University of Catalonia. 
MOBESCA was one of the results achieved by a project financed by Fundación 
Agbar on the simultaneous and combined dual study of the surface and underground 
urban drainage.  
MOBESCA facilities are described in this paper. The software is actually used for 
planning of the urban drainage system of the city of Barcelona. 
According to the second phase of the project, MOBESCA II should be a software able 
to simulate the surface hydraulic behaviour of tree-type watershed, considering the 
kinematic wave approach for rainfall-runoff transformation and routing process. 
The procedures carried out in this field could be used to link the hydraulic behaviour 
of urban streets and the sewer system simulations in case of storm by the most 
common commercial hydrological models. 
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